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(57)Abstract: 

PURPOSE: To achieve high performance and low cost by forming an uniform current 
distribution over the surface of an electrode by gradually increasing electrode catalyst 
loading in a direction along a gas flow channel from an inlet to an outlet. 

CONSTITUTION: An electrode layer is formed in an inclined nonuniform region in such a 
manner that an electrode catalyst layer has the highest density in a gas inlet and has the 
lowest density in a gas outlet along an electrode axis parallel with an electrode base 
material. This effects an adjustment so that a non-uniform gas diffusion electrode is 
formed on the surface of an electrode depending on reactor gas composition or 
temperature gradient. As a result, an uniform current distribution can be achieved over the 
the surface of the electrode, and an active electrode catalyst can efficiently interact to 
realize high performance. A nonuniform layer can be simply and properly formed at low 
cost by screen printing technique. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is a gas-liquid permeability porous electrode containing the ununiformity electrode layer 
supported by at least one side face of a base material. An ummiformity electrode layer includes the 
1st field suitable for adjoining a lot of gas inlets. Even if there are few said 1st fields per unit area, 
they have the 1st amount of one constituent. Furthermore, it is the electrode in which the amount of a 
constituent does not have an increment in a gas inlet to a gas outlet when said 2nd field has the 2nd 
amount of a constituent including the 2nd field in a certain part on the base material which is distant 
from the 1st field and the constituent of said 2nd amount per unit area is an electrode catalyst imlike 
the 1st amount. 

[Claim 2] The electrode according to claim 1 with which an ununiformity layer contains one or more 
sorts of a high polymer, a gaseous-phase activity catalyst, a carbon particle/fiber, and contact 
resistance nature adhesives. 

[Claim 3] The electrode according to claim 2 with which the polymeric material was chosen from 
polytetrafluoroethylene, polyethylene, a polyvinyl chloride, the proton conductivity polymer film 
electrolytes of a meltable gestalt, and such combination. 

[Claim 4] An electrode given in any 1 term of claims 1-3 in which an ummiformity layer includes an 
electrode catalyst. 

[Claim 5] The electrode according to claim 4 with which the electrode catalyst was chosen from the 
metal, the metallic oxide, the support mold metal, and the support mold metallic oxide. 

[Claim 6] The electrode according to claim 5 with which the electrode catalyst was chosen from a 
platinum metal, gold, silver, and those alloys. 

[Claim 7] For the amount of the electrode catalyst in an ununiformity electrode layer, a geometric 
area of an electrode is 2 1cm. Electrode according to claim 6 which is O.Ol-lO.Omg of hits. 

[Claim 8] An electrode given in any 1 term of claims 1 -7 in which an ununiformity layer includes a 
gaseous-phase activity catalyst. 

[Claim 9] An electrode given in any 1 term of claims 1-8 which applied the ununiformity electrode 
layer to at least one metaled field. 

[Claim 10] An electrode given in any 1 term of claims 4-9 to which the amount of an electrode 
catalyst decreased in a gas inlet to the gas outlet. 

[Claim 11] An electrode given in any 1 term of claims 1 -9 whose ununiformity electrode layers are 
the gestalten of a pattern. 

[Claim 12] An electrode given in any 1 term of claims 1-11 in which the electrode formed the 
cathode or anode of a fuel cell. 

[Claim 13] The membrane electrode assembly which contains at least one electrode of a publication 
in any 1 term of claims 1-10. 

[Claim 14] The fuel cell containing an electrode according to claim 1. 

[Claim 15] The manufacture approach:! constituent and solvent of an electrode which come to 
contain the following process are prepared to a paste, a paste is imprinted on one or more side faces 
of ii base material, and an imuniformity electrode layer is formed in them. Here an electrode layer 
Including the 1st field suitable for adjoining a lot of gas inlets, even if there are few said 1st fields 
per unit area, they have the 1st amount of one constituent. Furthermore, said 2nd field has the 2nd 
amount of a constituent including the 2nd field in a certain part on the base material which is distant 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ip... 9/21/2006 




JP,07-240204,A [CLAIMS] 



Page 2 of 2 



from the 1 St field, and when the constituent of said 2nd amount per unit area is an electrode catalyst 
unlike the 1 st amount, the amount of a constituent does not increase in a gas inlet to a gas outlet. 
[Claim 16] The approach according to claim 14 an ummiformity electrode layer is the gestalt of a 
pattern. 

[Claim 17] The approach according to claim 15 of forming an ununiformity electrode with screen 
printing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[Industrial Application] This invention relates to the manufacture approach of the gas diffusion 
electrode which has the engine performance by which it was improved for using it for the 
manufacture approach of the improved electrode and its electrode, especially a fuel cell, and its 
electrode. 

[ 0002 ] 

[Description of the Prior Art] In a fuel cell, it is useful to recollect that the fuel which can be 
hydrogen, a hydrocarbon, or an oxygen content fuel like a methanol is oxidized with a fuel electrode 
(anode), and oxygen can be returned with a cathode. An electrolyte can contact an electrode and an 
electrol 5 de can be alkalinity or acidity, a liquid, or a solid-state, the phosphoric acid fuel cell (PAFC) 
of the liquid electrolyte operated at the temperature of 190-210 degrees C — the type fuel cell nearest 
to commercialization — it is — a several MW utility dynamogenesis commercial scene — heat and 
power were combined further — namely, 50 - a number — an application is found out in the 
cogeneration system of the range of 1 OOkW — I will come out. The fuel cell whose electrolyte is a 
solid-state polymer is known as a solid-state pol)mier fuel cell (SPFCs) or a proton exchange film 
fuel cell (PEMFCs). In order that proton conduction of the solid-state on the basis of the perfluoro 
sulfonic-acid matter may generally prevent the fall of the ionic conduction which passes along an 
electrolyte, it must hold in the hydrated gestalt between operations. This restricts the operating 
temperature of SPEC to 80-120 degrees C typically depending on an operating pressure. Here, SPEC 
can offer the output of power flux density far higher than PAEC, and can operate it efficiently at 
quite low temperature. Eor this reason, it is thought that SPEC will be used for the application of 
small-scale power generating for residences or the dynamogenesis for cars in the future. The zero 
emission regulation which is likely to restrict use of a future combustion engine especially is passed 
in the U.S. Demonstration of the prototypal SPEC power car is carried out to these applications now. 
[0003] In these fuel cells, since it goes on at a useful rate, both the reactions of the anode reaction to 
which a fuel oxidizes, and the cathode reaction to which oxygen is returned need an electrode 
catalyst. It is an electrode catalyst the most efficient [ noble metals, especially platinum ] about all 
the low-temperature fuel cells operated at less than 300 degrees C, and stable, and, as for the 
electrolyte, it is found out with acidity or alkalinity as a matter of fact that it is useful to especially 
the fuel cell of an acid electrolyte like SPEC although it is good. 

[0004] a platinum-electrode catalyst is distributed on the comparatively large microscopic 
conductivity carbon particle which is offered as a very small particle (20-50A) of large surface area, 
and offers desired catalyst loading, and is supported in many cases (always — coming out — there is 
nothing). An electrode is formed from the electrode catalyst matter in order to advance a fuel cell 
reaction efficiently, and these electrodes are designed so that contact between reagin gas, an 
electrol 5 de, and a noble-metals electrode catalyst may be optimized. Reactant gas goes into an 
electrode from back, an electrolyte invades from the front, and in order to enable a product, 
especially water to be spread outside from an electrode, an electrode must be porosity and is known 
as a gaseous diffusion (gas porous) electrode in many cases. Per [ 0.2 ] electrode surface product - 
0.5 mg/cm2 The efficient gas diffusion electrode using reaction low DIGU is developed for a fiiel 
cell like PAFC using the acid electrolyte of a liquid. An electrolyte can permeate the part of the 
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vesicular structure of a catalyst carbon carrier including most platinum-electrode catalysts, and in 
order that 90% or more of electrode catalyst may carry out a fUel reaction as a matter of fact, it is 
used efficiently. 

[0005] as a practical question, a gas diffusion electrode is formed as one or more layers including the 
electrode catalyst matter and other non-catalyst components, for example, a giant-molecule binder, — 
having — a porous conductive base material matter (paper, cloth, foam), for example, conductive 
carbon matter, top — or [ especially ] in the case of a non-acidity fuel cell, it is supported on the 
metal mesh of nickel, or a steel plate. In SPFC, it is combined with the solid-state polymer 
electrolyte which is the gestalt of the thin film, and an electrode forms the set unit of one known as a 
membrane electrode assembly (MEA). It is experienced that it is vmsuitable for using it for a solid- 
state polymer fuel cell (SPFCs) generally, and the porosity gas diffusion electrode which was 
developed for the phosphoric acid fuel cell (PAFC) and by which the catalyst was supported and 
carried out is because only usually very low current density is obtained. This is for a platinum- 
electrode catalyst front face not to recognize deer existence very only at a three-phase-circuit 
interface, i.e., the part where a film electrolyte contacts an electrode catalyst and adjoining gas pore 
directly. This is most easily produced all over the electrode which association to the film produces. 
Since an electrolyte does not invade to the deep part of an electrode, only the very slight depth of an 
electrode is used. Therefore, in order that a solid-state polymer fuel cell may make contact level of 
platinum the maximum in the front face of an electrode in the conventional technique, they are 4 
mg/cm2 typically per electrode. The electrode which contains non-supported mold platinum black in 
a rate by high noble-metals loading is used. In spite of low platinum use, the engine performance of 
SPFCs in the conventional technique is high as compared with PAFC. They are 500 mA/cm2 at 
0.72V. As for current density and reagin, the pressure of H2 / air, and five atmospheric pressures and 
temperature [ of 80 degrees C ] ** are reported. Here, the platinum initial complement of these 
electrodes of the conventional technique is about 20g/kW. In order for SPFC to become equipment 
which can be used for a wide range transportation application for the reason of cost again, generally 
the platinum initial complement is recognized that it is required to lower to the level of about 
0.5g/kW or less, since [ furthermore, ] the power-flux-density output of a stack is increased (that is, 
the volume which a stack occupies for a given power output is reduced) — a cel electrical potential 
difference — about 0.7 — while maintaining to V — an operating current consistency -- 1 A/cm2 It is 
necessary to raise above. 

[0006] In order to lower cost and to improve the engine performance, the effective-surface product 
of the electrode catalyst used for these electrodes needs to be increased remarkable. Therefore, in 
order to make the range of a three-phase-circuit interface increase by recently, the approach of a 
large number which mixed with the proton conduction electrolyte at electrode structure is indicated. 
For example, U.S. Pat. No. 4876115 (U.S. federal government energy section) is indicating SPFC 
which has the gas diffusion electrode of the reforming carbon carrier catalyst formed by applying the 
solution of the gestalt of the fusibility of the proton conductivity matter to the front face of a porosity 
gas diffusion electrode. The desirable electrolyte matter is a perfluorocarbon copolymer which Du 
Pont is marketing as Nafion (trademark). Moreover, WO 92/15121 (U.S. federal government energy 
section) is indicating the SPFC electrode of the very thin electrode layer formed from ink including a 
carbon support platinxim catalyst and Solubilization Nafion. It sets to an interface and an effective 
platinum front face is increase and 0.5 mg/cm2. The engine performance equivalent to the platinum 
black electrode of the conventional technique in the condition of not supporting with platinum 
loading of the following can be attained. 

[0007] Even if the availability of platinum improves, to develop the electrode structure of the higher 
engine performance and lower cost of the electrode catalyst matter being used as efficiently as 
possible, and its rate of reagin gas supply and removal of a product being high enough for making a 
useful consistency possible actually, and attaining the high power flux density of a fuel cell for this 
reason is still needed. The gas diffusion electrode is used for various kinds of electrochemistry cels 
of other other than a hydrogen-oxygen (air) fuel cell. As other applications, there are a metal-air cell, 
a metallic-oxide-hydrogen cell, a chlorine-alkali cathode, an ozone generating cathode, and a 
selectivity gas sensor device. The matter used for formation of such an electrode is combination with 
other various conductive carbon, a polymer, especially fluoropolymers like polytetrafluoroethylene 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/21/2006 




JP,07-240204,A [DETAILED DESCRIPTION] 



Page 3 of 10 



including the metal (or metallic oxide) generally divided minutely or the active-electrode catalyst 
metal (or one or more sorts of metals should put together) of a gestalt which was distributed and was 
supported by suitable conductive support like particle-like carbon in many cases. An active-electrode 
catalyst bed is usually applied to a carbon fiber paper, a carbon cloth, or a hard conductive base 
material like a metal mesh, and is combined firmly. 

[0008] In order to create a gas diffusion electrode layer, the wide range process is used. There are 
many examples in the process of the conventional technique adopted in order to manufacture a gas 
diffusion electrode, and filtration, powder vacuum deposition, spray deposition, electrodeposition, 
casting, extrusion, rolling, and printing are included. It is important for the technique of these 
electrode manufacture processes that it is cautious of it being mainly related to forming one or more 
uniform layers of an active-electrode catalyst component about the homogeneity of formation of a 
barrier layer component and/or the thickness of a layer. 

[0009] For example, in U.S. Pat. No. 4313972 (United Technologies), the manufacture process of a 
gas diffusion electrode is indicated, and when carbon and the dry powder containing a hydrophobic 
polymer carry out like the clouds of a particle on a base material in a chamber, distribute powder and 
subsequently attract powder on a base material with the application of a vacuum, it applies as a 
uniform layer on the front face of a base material. 

[0010] On EP0026979 patent-application public presentation specifications (Asahi Glass Co., Ltd.), 
the printing process (screen-stencil) was used and the approach by screen-stenciling the paste which 
contains electrode powder on the front face of cation exchange membrane in thickness of 4 
micrometers - 2mm using the screen of the number of mesh of 10-2400 is proposed. Subsequently, 
the calendering of the electrode layer is carried out on the film (it is made to join together). The 
uniform electrode layer of thickness is formed in the front face of both both [ one or ]. Pastes are the 
electrode powder of platinum, and the hydrophobic polymer of polytetrafluoroethylene (PTFE). 
According to U.S. Pat. No. 4585711, platinum is distributed on a carbon catalyst and it is prepared 
by ****(ing) it in a PTFE strand by the combination approach. 

[0011] In U.S. Pat. No. 3423247 (Union Carbide), the electrode containing the porosity conductivity 
body which has at least two zones is indicated. Permeability is high to breadth and a liquid 
electrol>te, the 2nd zone where the 1st zone is activity very much electrochemically and where it 
adjoins inside from the electrolyte side of an electrode in the 1st zone is gas permeability, and its 
property which crawls a liquid electrolyte is large. Each zone is formed from two or more layers, emd 
a presentation and thickness are uniform [ each layer / an electrolyte ] by itself covering the whole 
electrode surface so that the inclination between two front faces of a sex and electrochemistry 
activity may be given soon. The desirable manufacture approach of an electrode is thermoplastic 
association. 

[0012] U.S. Pat. No. 4091 176 (Starmicarbon, BV) is indicating the porosity multilayer electrode 
equipped with the layer formed by combining a required number of layers together. U.S. Pat. No. 
4185131 (United Technologies) screen-stencils the conductive matter on a porosity base material, 
and is indicating the electrochemistry cel electrode manufactured by finally carrying out the catalyst 
of the conductive layer. A series of layers of the conductive matter can be formed including the final 
process which carries out the catalyst of the outermost layer. In this indication, it is said that one 
fault of this approach is not suitable to use it with the carbon which carried out the catalyst 
beforehand. 

[0013] The Europe patent application EP0100548 public-presentation specification (Asahi Glass Co., 
Ltd.) is indicating the manufacture approach of a gas diffusion electrode, and has mixed with the 
reformed carbon black powder partially graphite-izing) into the three-dimension network WATO 
structme of PTFE at homogeneity. The manufacture approach of a gas diffusion electrode is 
indicated, the electrode layer of a catalyst combines with one field of a conductive plate, and the 
semi-permeable layer of PTFE combines U.S. Pat. No. 458571 1 (Communications Satellite) with 
other fields of a plate. An electrode catalyst bed is distributed to the matrix of filament-like PTFE. 
[0014] It is the platinum-electrode catalyst supported in WO 92/15121 (U.S. federal government 
energy section) 0.35 mg/cm2 By making it distribute in the film of the proton conductivity matter by 
platinum loading of the following, the very thin activity catalyst bed containing a complex film is 
formed. This film is applied to a solid-state polymer electrolyte membrane by imprint from a Teflon 
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exfoliation blank under temperatiire and a pressure. This barrier layer is thin to homogeneity, and 
includes the uniform dispersed system of the supported electrode catalyst bed in a porous conductive 
binder layer. 

[0015] Ideally, an electrolyte permeates sufficient extent to reach the inner surface of an electrode 
into an electrode, and reagin gas is contacted while an electrode catalyst exists by it in as many parts 
as possible. On the other hand, an electrode must fully be hydrophobicity on a property, in order to 
prevent what an electrol 3 de or water fills all the pores of an electrode for (the flooding of an 
electrode may be produced). When flooding arises, it becomes difficult that reagin gas is spread to a 
catalyst seat and for the resultant of a fuel cell to diffuse and come out of the electrode structure, and 
the engine performance of a fuel cell falls. 

[0016] The indication of EPOl 10491 patent-application public presentation specification 
(Westinghouse Electric) is pursuing solving the problem of this flooding by preparing the electrode 
of the catalyst equally distributed to here and there [ of the field of an electrode parallel to a base 
material ]. This is attained by making a layer deposit on a base material, and each layer contains the 
various rates of a catalyst, hydrophobic floe, and hydrophilic floe. This layer structure object is 
useful to maintaining the exact balance between the electrode pore which crawls an electrolyte and 
permits the flow of gas, and the electrode pore which wettability is in an electrolyte and fills the 
electrolyte matter. 

[0017] An electrode manufacturer's technique is mainly related to the approach (shortly, it has 
conductivity in the base material of selection firmly, and can combine with it) of using it for the 
presentation of an electrode catalyst bed, and formation of the imiform layer of the catalytic activity 
matter. There are memy examples of the patent about manufacturing the electrode with which it was 
improved for attaining the demand on special structure and actuation. In GB 1392353 (Zlehit), the 
electrode of the improved effectiveness will be indicated, if a layer is obtained by the approach of 
supporting as a metaled plate carries out mutual invasion of both a catalyst bed and the gas 
permeability layer mutually at an interface. This offers the inclination of the electrode catalyst for 
which concentration decreases towards separating fi'om a base material. 

[0018] The indication of GB 136 1985 has indicated the preparation approach of the electrode which 
the 1st fiber layer including a catalyst deposits on a base material, and the layer (coating) of the 2nd 
matter deposits on the 1st layer. The advantage of this electrode structure is that catalyst powder is 
maintained on a base material. The catalyst from the 1st layer is mixed with the 2nd layer with 
limited extent so that catalyst concentration may decrease towards separating from a base material 
perpendicularly. 

[0019] Instruction of U.S. Pat. No. 4185131 is related with forming the electrode of uniform quality 
and one layer by using a screen-stencil technique. An electrode catalyst exists by equal concentration 
in all directions about a base material. In U.S. Pat. No. 3979227 (Katz et al.), it considers as the 
minimum deposition on the latter-part story of catalyst-izing at one hydrophobic matter, and 
deposition of almost all catalysts is attained on one hydrophilic field. The concentration of an 
electrode catalyst decreases towards moving to a right angle to a base material. Since deposition 
produces the advantage of this deposition in the part where an electrolyte can contact a hydrophilic 
field, it is said that use of an electrode catalyst is improved. 

[0020] In each unit cell of an actual fuel cell stack, reagin gas is introduced after an electrode 
through a manifold, and, subsequently to after an electrode, the rear stirrup of the base material for 
electrode support is transmitted in the tooth back of an electrode via the channel of one formed in 
either of the close cracked gas flow channels, or a large munber. The presentation will change, since 
reagin is consumed and a product is formed as gas meets a channel and flows. 

[0021] For example, in the cathode of the acid electrolyte fuel cell with which oxygen is returned, an 
oxygen density will decrease, relative hiunidity will increase and temperature will become high as 
reagin gas meets a gas flow channel and flows fi-om the inlet port of a cel to the outlet of a cel. 
Similarly, in the gas flow channel of an anode, change of a gas presentation and temperature will 
arise, while hydrogen fuel is consumed in existence of a steam. Moreover, when it is not supplied as 
pure hydrogen but the hydrogen which used the steam reforming or a fully established chemical 
process like partial oxidation, and was converted and separated from the hydrocarbon fossil fuel is 
supplied, the situation in an anode may become still more complicated. In this case, probably. 
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hydrogen fuel contains the carbon dioxide (when reforming of the methanol is carried out and it 
generates hydrogen bywater, it is 25 volume %) of considerable level, and the carbon monoxide of 
minute amoimt level (to 1 ppm - 2%). Concentration change of these gas will be produced according 
to both gaseous phase reaction of non-electrochemistry by which generating on the catalyst front 
face of the electrode material in the operating temperature of a fuel cell is known as consumption of 
hydrogen is consumed. It is existence of the carbon monoxide which acts as reaction catalyst poison 
which joins on a catalyst front face together strongly, and controls a desired hydro acid-ized reaction, 
and generation that there is especially an interest. 

[0022] In all the present electrode creation processes, it is important to recognize to be formed in the 
direction whose uniform layer of the electrode component matter about the presentation of active- 
electrode catalyst loading and an electrode component corresponds with the field of an electrode 
substrate as illustrated by the conventional technique quoted above. It is the part of arbitration which 
met the gas flow channel, and the presentation of the electrode in contact with reagin gas is 
essentially fixed. Therefore, it is clear that each cel offers the equalized engine performance also 
with the quite low twist which could be attained by a reagin gas presentation and existence of a 
temperature gradient. In some fields to which the field (face) of an electrode is crossed, an active- 
electrode catalyst may be operated lower than a total utilization factor (namely, low effectiveness), 
and one reason of this has that the catalyst function of an active substance is inadequate for 
demonstrating the engine performance to maximum capacity in another field. Therefore, when the 
inclination of a reagin gas presentation or temperature exists, it is not advantageous to form in the 
flat surface of an electrode surface the gas diffusion electrode which has a uniform layer. 

[0023] U.S. Pat. No. 4851377 (International Fuel Cells shrine) has tried to tackle this problem by 
forming the electrode which has uneven electrode catalyst loading. According to heterogeneity 
increasing the concentration of an electrode catalyst bed which met one shaft of an electrode, it is 
indicated, and this shaft is parallel to an electrode substrate. The advantage of this heterogeneity 
indicated is that gradual increase of electrode catalyst loading which is in agreement in the direction 
which met the gas flow channel from an inlet port to an outlet is the need, as uniform current 
distribution is attained over the front face of an electrode. 

[0024] The purpose of this invention is tackling these problems in the manufacture phase of an 
electrode. This invention can make it possible to make the formula of an electrode barrier layer, and 
a demand of transportation/utilization factor of the gas flow / water of a specific fuel cell design of 
struchu'e agree. Especially use of screen-stencil enables application by which predetermined [ of one 
or more electrode layers which can be adjusted so that it may agree to a gas flow pattern and 
inclination ] was controlled. Other demands can be attained changing the printing pattern of a cel, 
and by using a multilayer, in order to control both the depth of the layer in a pattern, and structure. 
Thus, this invention offers the approach of changing the electrochemistry activity property covering 
the flat surface of an electrode surface, in order to adapt itself to change of gas concentration and a 
flow rate, and fluctuation of water flux and temperature. The profits of this invention are offering the 
gas diffusion electrode matter of low cost with the high performance for applying to a fuel cell, and a 
presentation and structure of electrode material are specially adjusted so that it may agree in the 
demand on actuation of a fuel cell, by it, they make the maximum the electrochemistry engine 
performance which can be attained with a fuel cell, and make the maximum further efficient use of 
the electrode catalyst of the noble-metals base, and other components. 

[0025] 

[Means for Solving the Problem and its Fvmction and Effect] This invention is what offers the porous 
electrode containing the uneven electrode layer supported by at least one side face of a base material 
of gas-liquid permeability. An uneven electrode layer The 1st field suitable for adjoining the inlet 
port of a lot of (bulk) gas is included. Even if there are few these 1st fields per unit area, they have 
the 1st amoimt of one constituent. This 2nd field has the 2nd amount of a constituent including the 
2nd field in a certain part on the base material which is furthermore distant from the 1st field, and 
when the constituent of this 2nd amount per unit area is an electrode catalyst unlike the 1st amount, 
the amount of a constituent does not increase from a gas inlet between gas outlets. A base material is 
good with either the electronic conduction nature matter or a proton conductivity solid-state polymer 
film film. 
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[0026] An ununiformity layer can contain one or more sorts of high pol 3 oners, gaseous-phase 
activity catalysts, a carbon particle/fiber, or contact resistance nature adhesives. Thus, the amount of 
the constituent which changes in an unimiformity layer is chosen so that the high electrochemistry 
engine performance may be promoted. Appropriately, a polymeric material is chosen from 
polytetrafluoroethylene, polyethylene, a poljwinyl chloride or a proton conductivity polymer film 
electrolyte, and a gestalt with the meltable combination. 

[0027] Preferably, an ununiformity layer includes the electrode catalyst which can be chosen from a 
metal, a metallic oxide, a support mold metal, or a support mold metallic oxide. Appropriately, an 
electrode catalyst is chosen from a platinum metal, gold, silver, and these alloys. The amount of the 
electrode catalyst of an ununiformity electrode layer is per [ 0.01 ] geometric area of an electrode - 
10 mg/cm2. It is good in the range. It depends for abrmdance on the application of an electrode. 
[0028] Preferably, an ununiformity layer includes a gaseous-phase activity catalyst. It is found out 
that existence of this catalyst improves the engine performance with the specific presentation of the 
reactant gas of an anode or a cathode. An ununiformity layer can be applied to at least one field 
(face) of a base material, and this base material can be the electronic conduction nature matter or a 
proton conductivity solid-state polymer film film. Similarly, a layer can be applied to one field of a 
base material, or can also be applied to one or more fields of a base material like for example, a gas 
side and an electrolyte side. Moreover, electrode catalysts are one or more front faces (surface) of the 
proton conductivity solid-state polymer film as used with the solid-state polymer fuel cell. It is also 
directly applicable. 

[0029] Appropriately, the amount of an electrode catalyst decreases between a gas inlet and a gas 
outlet, or an unimiformity electrode layer is the gestalt of the pattern which is in agreement with the 
passage of a gas field flow (gas field flow). An electrode can form either the cathode of a fuel cell, or 
an anode. At least one of the electrode of the depends a membrane electrode assembly on this 
invention preferably. Appropriately, an electrode assembly forms the fuel cell containing at least one 
electrode created by this invention. 

[0030] Moreover, this invention prepares to a paste :i constituent and the solvent which offer the 
manufacture approach of an electrode including the following process, and is ii. A paste is imprinted 
on one or more side faces of a base material, and an unimiformity electrode layer is formed. Here 
Including the 1st field suitable for an electrode layer adjoining the inlet port of a lot of gas, even if 
there are few these 1st fields per unit area, they have the 1st amount of one constituent. This 2nd 
field has the 2nd amount of a constituent including the 2nd field in a certain part on the base material 
which is furthermore distant from the 1st field, and when the constituent of this 2nd amount per unit 
area is an electrode catalyst unlike the 1st amount, the amount of a constituent does not increase 
between a gas inlet and a gas outlet. 

[0031] Preferably, an ununiformity electrode layer is the gestalt of a pattern and an unimiformity 
layer is appropriately formed by the screen-stencil technique. The profits of this technique are simple 
for especially the thing for which an ununiformity electrode layer is created, and are being the 
probably most suitable technique for preparing the layer which harmonizes with a gas field flow or 
the configuration of other requests of some kind. As occasion demands, a multilayer electrode can be 
formed with this technique. 

[0032] Although the following example explains this invention, it is for instantiation and is not 
limited. 

[0033] 

[Example] The vocabulary "the engine performance" is the measure of the cel electrical potential 
difference obtained with specific current density in one cel completed under the limited conditions. 
Including an anode, a cathode, and an electrolyte, in the case of a PEM fuel cell, generally one cel 
unit is summarized and is called a membrane electrode assembly (MEA). Moreover, there is a 
conductive collector plate, into it, a gas flow channel enters one front face, and is formed, and the 
entrance of the reagin gas of an anode, the hydrogen which reaches a cathode, and oxygen is offered, 
respectively. Usually, the field of the electrode containing the electrolyte containing an electrode 
layer contacts the front face of a film electrolyte. Subsequently, reagin gas is supplied through the 
porosity conductivity base material matter, and arrives at an electrolyte front face, the geometric 
surface area of the field of each electrode containing an electrode layer — 232cm2 it is — one cel was 
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a sample used for the PEMFC stack which can come to hand in the present condition. This cel was 
operated on the practical conditions used for a PEMFC stack operation. The reagin gas which carried 
out gas conditioning of a solid-electrolyte membrane drying between performance measiu'ements in 
order to protect was supplied to the cel as the hydrogen of the pressure of SOpsig, and air of the 
pressure of 30psig(s). The temperature of a cel was maintained at 80 degrees C. The current density 
which is taken out from a cel and which is obtained was adjusted by applying the controlled 
adjustable electric load of increment, and the obtained cel electrical potential difference was 
measured when stable. Either as an anode equipped with the standard cathode estimated the 
electrode of this invention as a cathode equipped with the standard anode, and it was indicated for 
the following example. 

[0034] Although the following example has mentioned the profits of the electrode which illustrates 
the application to a solid-state polymer fuel cell, what its electrode of this invention will be useful to 
the fuel cell (example, phosphoric acid, alkali, and methanol direct oxidation) of other types and 
other application of the gas diffusion electrode about which it argued in detail further previously will 
be clearly understood by this contractor. 

[0035] the 1st voice — it needs — in this example, the ununiformity electrode layer is oriented, as it 
has the gestalt of the electrode catalyst which has loading with an inclination, the highest loading is 
in the field corresponding to a gas inlet and the lowest loading is in the field corresponding to a gas 
outlet. The profits of this ununiformity electrode layer are that the engine performance is improved 
rather than the same total electrode catalyst loading. This example gives a proof opposite to the 
indication of U.S. Pat. No. 4851377 (International Fyel Cells). 

[0036] One front face of the base material of an example 1 porosity conductivity carbon fiber paper 
was coated with a non-supported mold platinum black catalyst electrode and mixture including the 
drainage system suspension of polytetrafluoroethylene (PTFE), and the oxygen reduction electrode 
(cathode) was created by forming an electrode layer. The rate of PTFE in an electrode layer was 6.6 
% of the weight. Loading of platinum changed over the front face of an electrode, and coated the 
area equivalent to one third of the inlet ports of a gas passageway, and platinum loading formed the 
layer of 4.0 mg/cm2 Pt. The area of the electrode equivalent to one third of the centers of a gas 
passageway was coated, platinum loading formed the layer of 2.0 mg/cm2 Pt, the area of the 
electrode equivalent to one third of the outlets of a gas passageway was coated, and platinum loading 
formed the layer of 1.0mg[/cm ]2 Pt. gross mean platinum loading covering the activity area of the 
whole cathode — such — 2.33 mg/cm2 it was . An electrode can be created by the approach of 
arbitration that generally the technical field concerned is carried out, for example, has spreading of a 
up to [ a filter imprint, rolling, and a base material front face ]. The electrode was dried, it heated for 
30 seconds at 400 degrees C, and creation was completed. 

[0037] In order to form the joint unit of one, as it usually carried out with the technique concerned, 
the membrane electrode assembly (MEA) was formed by combining an anode and a standard 
cathode with each field of a proton conductivity polymer film electrolyte by pressurization actuation 
in an elevated temperature. Although the standard anode was created like the above, it created by 
uniform platinum loading of 4.0 mg/cm2 Pt over the whole front face of an electrode. The proton 
conductivity polymer film was film for XUS- 13204. 10 experiment by the Dow Chemical Co. 
(Freeport, Texas, USA). Before this film created MEA, it was washed. 

[0038] On one front face of the same porosity conductivity carbon fiber paper base material as the 
example 1 of a comparison, mixture including the drainage system suspension of non-supported 
mold platinum black and polytetrafluoroethylene (PTFE) was coated, and the usual cathode was 
created by forming an electrode layer, gross mean platinum loading covering the activity area of the 
whole cathode — 2.33 mg/cm2 it is — the amount of PTFE in an electrode layer was 6.6 % of the 
weight. Platinum loading presupposed that it is the same in the part of the arbitration of an electrode 
surface. This electrode was able to be created by the approach of the arbitration spreading to up to a 
filter imprint, rolling, and a base material front face. This was dried, it heated for 30 seconds at 400 
degrees C, and creation was completed. MEA was similarly created with having indicated for 
Example 1. 

[0039] As shown in drawing 1 , the engine performance of MEA containing the cathode equipped 
with the ununiformity layer is considerably superior to the engine performance of the usual cathode. 
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A high cel electrical potential difference is obtained from an vmuniformity cathode with the given 
current density of arbitration. Although the total loading of the platinum-electrode catalyst on both 
cathodes is the same, a larger activity value and the larger engine performance are obtained by 
arranging many activity catalysts to the field near the gas-passageway inlet port where reagin 
concentration is the highest. 

[0040] the 2nd voice — it needs — in this example, heterogeneity has formation of an electrode layer 
including the electrode catalyst in which the pattern corresponding to the gas flow channel formed in 
the gas flow plate attached after the electrode was formed. It left the field corresponding to the part 
where the rib of a gas flow plate contacts after an electrode without coating. The example of non- 
supported mold reaction black and the profits of this ununiformity layer are maintaining the engine 
performance, lowering reaction electrode catalyst loading. 

[0041] On one front face of an example 2 porosity conductivity carbon fiber paper base material, 
mixture including the drainage system suspension of a non-supported mold platinum black electrode 
catalyst and pol 3 detrafluoroethylene (PTFE) was coated, and the hydro acid-ized electrode (anode) 
was created by forming an electrode layer. The rate of PTFE in an electrode layer was 6.0 % of the 
weight. Electrode layer loading changed over the front face of an electrode substrate, and formed the 
pattern of coating and non-coating. This pattern was designed so that it might be in agreement with 
the pattern and accuracy of a gas passageway which cross the electrode back, coated with mixture 
including an electrode catalyst the field corresponding to the channel to which reagin gas flows, and 
did not coat the field corresponding to contact to the rib of the gas flow plate behind an electrode 
with mixture including an electrode catalyst, gross mean reaction loading covering the whole 
geometrical area of an anode -- 1 .3 1 mg/cm2 it was . The electrode mixed the solvent with the 
electrode lamination component, and created it by forming the paste which has the rheology property 
of a suitable paste to apply to a base material by use of screen printing. This paste was printed 
through the screen of the design which makes it possible to print only to the field corresponding to a 
gas flow channel. It masked in the field corresponding to the rib of the gas flow plate on a screen, 
and printing of a paste was prevented on the base material. The electrode was dried, it heated for 30 
seconds at 400 degrees C, and creation was completed. 

[0042] It is 4.0 mg/cm2 like Example 1 . The standard cathode containing the film of the uniform 
layer of platinum loading and the Dow Chemical Co. was created. 

[0043] On one front face of the same porosity conductivity carbon fiber paper base material as the 
example 2 of a comparison, mixture including the drainage system suspension of non-supported 
mold platinum black and polytetrafluoroethylene (PTFE) was coated, and the usual cathode was 
created by forming a uniform electrode layer, gross mean platinum loading covering the activity area 
of the whole cathode — 4.0 mg/cm2 it is — the rate of PTFE in an electrode layer was 6.0 % of the 
weight. Platinum loading presupposed that it is the same in the part of the arbitration of an electrode 
surface. This electrode was able to be created by the approach of the arbitration spreading to up to a 
filter imprint, rolling, and a base material front face. It dried, and the electrode was heated for 30 
seconds at 400 degrees C, and completed creation. MEA was similarly created with having indicated 
for Example 2. 

[0044] As shown in drawing 2 , the engine performance of MEA containing the anode equipped with 
the ununiformity layer is equivalent to the engine performance of MEA created using the usual 
anode. The cel electrical potential difference more nearly same than MEA equipped with the 
ununiformity anode in the whole range where current density is useful is obtained, the total loading 
of the platinum-electrode catalyst on the anode of an example — 1.31 mg/cm2 it is — the example of 
a comparison — 4.0 mg/cm2 it is . Thus, it is possible to reduce the amount of the expensive required 
electrode catalyst matter, maintaining the same cel engine performance by forming an ununiformity 
electrode and arranging an electrode layer ineluding an electrode catalyst only to the field used 
efficiently. 

[0045] the 3rd voice — it needs — in this example, an ununiformity electrode layer is applied to a 
base material only to the field corresponding to a gas inlet, and it has the gestalt of the gaseous-phase 
catalyst content layer which is not applied in the field corresponding to a gas outlet. It sets for this 
specific example, and in itself, an electrode eatalyst content layer is the usual homogeneity layer, and 
is applied on an ununiformity gaseous-phase catalyst content electrode layer. The profits of this 
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ununiformity electrode are the engine performance improved as a hydro acid-ized anode which 
processes the hydrogen fuel containing a carbon monoxide impurity of low level which is usually 
seen in the source of hydrogen fuel guided from reforming of a fossil fuel like methane or a 
methanol. 

[0046] On one front face of an example 3 porosity conductivity carbon fiber paper base material, 
mixture including the drainage system suspension of the platinum gaseous-phase catalyst of carbon 
support and polytetrafluoroethylene (PTFE) was coated, and the hydro acid-ized cathode was created 
by forming an electrode layer. The catalyst contained in U.S. Pat. No. 5068161 20 % of the weight 
Pt supported with the approach of an indication on the Cabot Valcan XC72R carbon of creation. The 
rate of PTFE in an electrode layer was 30 % of the weight. Loading of a layer changed over the front 
face of an electrode substrate, and coated only the field equivalent to one third of the inlet ports of a 
gas passageway with the electrode layer, platinum loading of a coating field — 0.35mg/cm2 it was . 
gross mean platinum loading covering all the activity front faces of an anode — 0.12 mg/cm2 it was . 
This electrode can be created by the approach of the arbitration spreading to up to a filter imprint, 
rolling, and a base material front face. The electrode was dried and it heated for 15 minutes in 350- 
degree C nitrogen. Subsequently, the 2nd electrode catalyst content layer was applied on the 
gaseous-phase catalyst bed. An electrode catalyst bed is 2 232cm. It was the uniform layer which 
coated equally the fUll-geometric activity front-face top of an electrode. About the carbon support 
mold Pt/Ru catalyst containing 20-% of the weight Pt / 10-% of the weight Ru supported on Cabot 
Valcan XC72R, it is the common-name name of a meltable gestalt. It mixed with the Nafion polymer 
electrolyte membrane (Solution Technology of Mendenhall manufacture, Peimsylvania, USA) as a 
5% solution of Nafion EWl 100, the paste was created, and it applied to the electrode. The 
application approach was possible by the approach of arbitration, such as screen-stencil generally 
used by the technical field concerned, rolling, and spreading, platinum loading of this layer — the 
whole of an electrode surface — crossing — 0.25 mg/cm2 it was . The electrode was dried under the 
70-degree C vacuum, and creation was completed. 

[0047] They are 4.0 mg/cm2 of non-supported platinum black like Example 1 . MEA was created 
using the standard cathode containing the film of the uniform layer of loading, and the Dow 
Chemical Co. 

[0048] The usual anode of the uniform layer of low platinum loading was created by coating the 
paste mixture which contains a publication, the same Pt/Ru catalyst, and the Nafion solid-state 
polymer electrolyte membrane of a meltable gestalt in Example 3 on one front face of the same 
porosity conductivity carbon fiber paper base material as the example 3 of a comparison. It applies 
by the same method as Example 3, it migrates to the whole electrode surface, and pastes are 0.25 
mg/cm2. The uniform layer of platinum loading was formed. The electrode was dried under the 70- 
degree C vacuum, and creation was completed. MEA was created like Example 3. 

[0049] A result is shown in drawing 3 . Example 3 of this invention is called a "patch" electrode by 
the explanation in drawing, and calls the usual example of a comparison a "monolayer." 700 A/ft2 
About the cel electrical-potential-difference engine performance in current density, it is an air vent 
(bleed) in hydrogen fuel. It measured as a function of concentration. This approach given in U.S. Pat. 
No. 4910099 includes introducing a small amount of air into the flow of hydrogen fuel, in order to 
perform oxidation and removal of the carbon monoxide impurity of the low which will start 
degradation with electrode catalyst poison. Falling, when the engine performance of the single 
uniform electrode layer of the example 3 of a comparison in air vent zero places drawing 3 and 
changes it with the fiiel with which hydrogen fuel contains a 40 ppm carbon monoxide (CO) is 
shown. If an air-bleeder is introduced and the level increases, the engine performance will improve 
and will reach the engine performance of the hydrogen which does not contain carbon monoxide 
poison soon. If the imuniformity electrode of Example 3 is used, some degradation will be too 
observed by the air vent of zero, but when an air vent is introduced by existence of a gaseous-phase 
catalyst phase, the engine performance improves quickly far by it. This originates in existence of the 
gaseous-phase catalyst content layer which promotes more efficient oxidation of carbon monoxide 
poison, before a carbon monoxide reaches an electrode catalyst content layer. 

[0050] A drawing is for explaining the three above-mentioned modes. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the electrode engine performance by which it was improved 
when using the electrode which has the inclination of the electrode catalyst which decreases from the 
inlet port of gas to an outlet. 

[Drawing 2] It is the graph which shows the electrode engine performance in case an electrode 
catalyst bed is in agreement with a gas field flow. 

[Drawing 3] It is the graph which shows the electrode engine performance by which it was improved 
in case a gaseous-phase catalyst existed in a gas inlet. 



[Translation done.] 
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[0 0 0 6 ] P*T(fTttffi^efefi.i-6fc*{;i(4^ 
xixhm.micmm^ti^mmmm<Dm^mmm<r>mmti: 
mMt^&mxh^o L7c^5o-c. *ja. 3 is #® wish 
®®«®(c/c2 h 

iafpLfc#^<79^rffi;*5^^^ttTV'So «SJ/(4, 9|«:|S# 
rPB4876115-§- (7|tllii«SSc9i93i;^;/k3{:-a5pg) 

14. #?LWy/AfetScfl;®tDHUffi{c/n 

^wmmis.f^f!km<D^:^mmmm^m-t^ s p f c 

^LrV'-5„ »SLV'®«Si^Si4, x^JK>^±;!|5Na 
f ion (ffi®) iLTTtT|5UTV'5^-'°—:7/k;d-n47- 
4?V3jK!J-r— T'foSo ^7c. WO 9 2/15121 

f i o nSr^tr^- V^;9'b7i^fiicL7c^ 

^(r#(,'m®Jl<7>S PFCm®?rll:^brV'-5o #ffil- 

43V''T^rS!)^4S:&Sffi;5^iib. 0 . 5 m g / c m 2 

«® t S X t .5, 

[0 0 0 7] e^(79fiJffltt^5f6]±Lfct LTb. «®» 

:l<79fc4^);^s|s^l:?t!lOKv^m73®ffi<^afig 
•f-^tV'ofc. 4*9i^V'ttt6i: 4y(SV'=>x FK>m®« 
3g«rM^-f-«.r LTiK<^i; 

ttS5:m®f4. (^^) ^)|sfm?feco(lfe(r'b. «■ 

TJ4. m*- 

T/k4;y4/y-K. il#^tt47A-fe 

yf— -(D X 0 ^£mm(r>Mmzmmir 

-iSfc. (xf4^jsg?(k 

(xiximu 

±.<D^m(om.^^t>’^) a>^ 

i:4fy-^-. mzTnVT hyy/U:ta3L=f-\^'^(7)Xof£ 

7/k:^n7Ky t;J5^V'o S 

'i4m®tt^«ei4aE(4. x 

f4^My S/ '>3.(D4 5 ^CSgK<79^mt4Stt-l-5iffl LT L 
•o:4^y i:^g-g-$445o 

[00 0 8 ] :(f^ii:mmmm^i^i^i-?>tzmz^ istss 
^4/D-lrA^sffiffl^4LTi/'5= 4fy&t5:«®Sr8ajg-r.5 

fc * $ tlT V ' •& jfeS^pfiO / n -t: (c I4#5-^(7)^SJ 

t^h<o. aia. *&5^K^±ta. & 

M> JfttJ. o-V'^V. rtib<7)«®isi3g 
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LTMI^L-CV'Sr tjcaic 

[0 0 0 9] f^lj;t{f. 4 3 1 3 9 7 2^ (Uni 

led Technologies tt) C:doV>T. ;tf:^fe£fc®1ii(7)®ja7' 

.ht-J: >J, t 10 

LTiSffl-r?)o 

[0010] EP0026979 

(teSPiT-tt) T^ii< ^ 

1 0~2 4 0 oco^ -y y — 

I/'T. ^ 

h i: 4 fi m~ 2 mmCD/?^ ]) — ^WS‘^i't ' S T i: (^ 

J:2)y7ax^ti^‘LTV'-5, ^kV'TS1®®?rlKw±ic::^7 w 

6„ -<-T h(4^^i);tl4*e^<7)ll®*&5Ki:. «T«jKUt 20 
h7 7/'P:^-nai^U-:/ (PTFE) U T 

foSo ^lt|l#fT=^4 5 8 5 7 1 
±tre^Sr5)-*5:L. iE'g-i^ffiliioTPTFE;^ 

T i (cJ;oTI®M$4xTV'?)o 
[ 001 1 1 i^^|l#fF® 3423247-^ (Union Carbi 
dett) (Cdol'T. t 2 00'/— 

^IW'/- 

LTJ®iitt;?iSii5<. <9 . m 

1 0/->'(cKS-rSM20'/-/(l. ;t/;^]gii[4Tfo 30 
•9. #/!rCD/— 

®il0^i^(c: t>fc o TMjjJc i J? ^ :95;eH i #Ti?D— Tfc 

[0012] ^m^Wf^4 0 9 1 1 7 6-^ (Starmicarbo 
n, BV)(i. ttCioT 

ffMtfc®^{ix7c#?LW#®mffiS:BS^LTV'5o 9R 

SI^IT'^4 18 5 13 1 -^(United Technologies?i) 

(±. ^?L»SW±(Cagatt^«?r;^i7 y->'TOJL-. * 40 

s T i (c i o 

^1r/Pm®SrM^LTi/'2>o 

Ti;95-e#6o To^:g^(cdoV'T. roy^feoioo/: 
i T'feS i:x!!^Ti/’'So 

[0013] g»:'J’Nii#rFai®E P 0 1 0 0 5 4 8<2iBa8q*B 

m (teiii^^tt) (4. 

dsy. &WLfc;0-d<//7 m^m-yyy 

T'f h^b) ?rPTFEO 3 iSk^^-;' h 7- Hfigft:o4^ so 
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{ClilJ-tc^fpLTV'So 585711^ (C 

ommunications Satellite) 14. 

^81^ LT45 y . 1 oOffi 

(cSsg-a-L. ®.Krote<79BHcPTFEOi|^^Si®ttO®:9S)S 
^-rs, Slllteii)ll4/-fT^/h4^(7)PTFEOTb 

1 0 0 1 4 1 WO 92/15121 (3|tHii»ii5c)^ 
/P=¥— ^FBP^) (-iSV'T. 

3 5mg/cm2 >-/T-/d F 

»14i^ffo/-</'PAO>^^lc5>«5:$-ti:-5wt(c4oT. S 
^7 ^ LTV' 

So ’<797^'/PA(4. ?aStJI790TT77n7iiJil/ 

7 7/ 75' 4 o T @#:7K y «lKi-iiffi-t- 

S, TC0gttS(4J^-(-»<. 
l^-|'4^«C^^#?LWcoe^^4^<X 7/-®04>ic-^ 
tf, 

[0 0 15] aa&^(;i(4. «<¥FRf4, ®1^0|^a^Etc 

Tffi5l5Sfc{4#< 

f^4/7i:S)tt-r?)o ^ifei^T. «®(4. «)??KXf42K^s« 
®0^?L^^T«^-r (®1i07 7'y7-<7/^^LS 
Ti7)5fcS) Ti^KCfcJ^lc. •|4K±yE5^{C)^;7kttT 
TiittUi^^f^TtcV'c 7 7';/7d’7/;65^Lfc^-a-. Si:£: 

r <!: i 

fe;iS«®«it«::4'e>ffit5:LTWSTi^5Silfcnet9. m. 

[0016] EP0110491 (W 

estinghouse Electrictt) 058^(4. 

<7)ffiOfe t. i Lfc)te^om«^l®S!-rS 

wtjciy. T07 7-y7^7/op.gii^^«:-rsrt 
^il^LTV'So roLtt4S«-±(;iji^±ia^-frSL 
t(ciJ;oTa^$ix. #/!roS(4. 

(4. fl;^#^(4L#. 4f70gS4t§rfF^-1'S^®JKr 

i. . mmn^K^mtc-rmm^^ 

r op^ O 7 77 S O ii® *Oo 

[0 0 17] m®®3t*#cos^ffi4. mmmmm(Dmi^ 
<t. tt!S?Stt!^®<79^-7i«on5fig{C'®ffli-s:^& (^ 
ti:95^«fiigiRoa*t(;iLo^'y 
1-sri7)5Tts) LTM^LTV'S, 

it i fc*oek^ $ 

it-tST i;FlM-t-S#fF<7^iU4#V'o GB139235 
3 (ZlehitHciJV'T. gfeS ^4v7ta^OS®f4. 

S;45^®T*av' 

(Ctsse A-r ?> 4 P {- L TSi^^ S 4 o T# t>ti 

SiM^LTV'So itU4. Sm'e>«ltT/5:3^|6lT*igSE 
im'j^-r 5 4Dia s: utt-r s » 

[0018] GB1361985 OP^(4. 

^l<7)^^S^5S^4±(cJt«L. ^2 0i^S0JI (3- 

7^7/) )65^1tOStO±(C«a-t-S«11(79iSi5l;^&^ 
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7 

2 cos t PI hiritz^JS.X^m^ <0 ^ 0 <, 

[0019] 3l^|l!|ttf||4 185131 ^ 

o(oscom®5rjfMi-?)i ti-M-rSo m 

mi^mi^X±X(D:)3i^X^^7£M&X^tE'ti>o 
IT® 3 9 7 9 2 2 7-§-(Katz h) l-fc'V'T, toJ^fbCO^ 
I5:pg-C\ i'o(Dmyki±¥oK^a-im'hm<nmmtL. lo lo 
cc)ffi*14pgi®cO ±T'?fe if^.T (OttiScOlta 5r 5 o 

mmm L-cM (-«) < :)s\^x»p 

■rSo rcoitfficofij3Ff«. 

[0 0 2 0] co#>«r co^[i-iryi^ 

tlfc 1 oX(4#^co9"-y' V^/P?rgS LTHIicOWffi?: 20 

{bi-ST-fc-^Oo 
[0 0 2 1] {S’l|;t«. 

iliico* y- Kfcfcl/'T. SJC£:«s::^f;^^s-fe/KOAP*^e>-fe 

/KOtti p ^ y n — >'^>'Wc:^- o TjftHS CIO 
tL. msttli5< 

^^■5’Cfc-5>0o ry— K<o;<fy.y n— 

/HOlioV'T. 2k^^CO#?£4iT';K*^i|S]x)S?i»^tl^ii45 
b. ;<fymiijci:?a®<o^ib^s^C-5T*fc5 9„ 4fc. ifi 30 
LTfit^^tl-5<OT*(S/<C< . 

y y'X(±gP5>®?{b(7) j; 0 *3£^ic5|AE$tlfc^t;^y'nir 

• 5>WlLfc2K^/J5 

r y — ?5(;:^iit(;i 

^£-5rt75Sfe5o -cTJ^-a-. 2 K*^i|sHi> +iS7fey'<>'y 
co~®?]bj^^ (y y y-7P^57kcij;oT2«c»^ti-C2K* 
^^fig-rs:^-g-(i2 5fra%^-C') 

(1 p pm~2%sr') *ti 

f>coy/;:^(Oig^^^b(4. 7k«-cO?^»;!iS?H#$n2>(co4x 
T> &u^mnm-mcomm^mi^fsif 40 

ET'^ci-rS r t ;4S^ f,tiTV'S#^a^<b^(OmtiKJCS 
cOnq;^(CJ;oT^CST*fe5 0 o #(cM-il'COfc 2 , r t 

ftlc'Cfc'Sc, 

[00 2 2] ±ia(cg|ffl 

iyl::. mt^co^Tcollffi^t^■y^^r7c.^c^3^^T, ffitt 
yc/t^ffifiK^^coJlafiglCloV'-CCO*]! 
;ijc^i^W(0^-;‘<eS;45^ mffiSItosii:— iSc-rs:^[S](c 

JFM^tiTV'Sr i:;4S*gT*fc5<, so 
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yn-^^yj^^Kc^ofcffigco@3f-C% {d 

^'CfcSo Lfc:d5o 

T, RjEj^^y/ym^tfijS-igiacoftffiicj;^, #^co-fe 
'Mf&x^ ^xh^o 

)t14|ISrli#t-f-.5r rcOntcOlo 

coaSfi, ®HcoE (face) ?rt>7c.SV'< o;i’>coffi^ic:fc 

V'T. 

(ip^, mmmm 

tA>h^o Lfc^SoT. 

t(c. mmm<7^w-mhzni-f£m^^-r^:ff 

[002 3 ] ^|e|l!|$fF^ 4851377-^ (Internation 
al Fuel Cells tt) (i, X y 

. rcopp^mcsci?*! 

TFili— t4(4m®<7)lo(Ott(c^o 

tzm.mmmm<Dm&^mmi-^ r i tc i 2, t $ tt-c 
fc'19. riO$ft(4«®S$t!cWr*feSo 
rco^j^-' i4<osB)f«. mm(omm^i:>tioxm-t£n 

j: 5 (;i^ A P^'bffiP ^<7)^1^713 

[0 0 2 4] ;^ 5 ie^<oe&(j(^. m.m(omm^mx^ixb 
<Dmm\cwi'om.t£^txh^o 7p;^0>^{i. mssttsco 
#®co^i|sf«?tfi.^H-(oy7yyn-/7Kco 
«jjii/?ijffl^co^^}c-^a^i± s i t srwtiic-r-5 c t 
^ST*#So #{-. 7.y # 7 . 70 - 

x^y-y t ^ J: 5 r ir 7)5-? 1 5 

1 £l±(0®1®S(7)ff^c0SiJ® $ ttfcSffl ?r^tgi-i-So 
rcoft&cog^fi, ir/KOSUSiWy— y.|r'^(b^-lt5Ci: 
tc±'9. S.t)'^5y-v(ocfos<7)gil$i:Sit<7>i5|;^Sr®J 
S7ci6Ci#®^ffiffl-t-6 r t (d J; *9 :zti^ 

•?^So rcoj;o(c. 

(b. StFTk 7 7 -y y 7 i: ?a*(0*t!) (;i)ili£;-r ^bfzisblz. 

$ -ars 

j^i|sf«?|h.(ciiiffl-t.5 
fc«)(Oigt£|gT*iS3 7 F(Oy77ffitfc®Hi^«?rS«-r'5 

TiS;^®?t!lT-jSfiK-?#S'eflib^t4tg?r*API(7:L. ^ 

S’ftAPKC'f- •5, 

[0 0 2 5] 

lWkm^m^ir?>tzib<D^^RXJ7i^m^0}m 
mm<7)'j7f£< <b 1 
s^^tf y/7 

■?fcoT. Ai<7) (bulk)yf7<OAP 

immhfziO<P^£< i: 1 1 oco«Rg^ 5 ^( 0 ^ 1 (Ol:5rW 
b. ^t>(clSlco«a«7i^f>ilixfcStt-±(0^.£.®Blft;m 
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m&Mmhti^)<DZ(r>m2(D&(imi(omttt 
A p ;6' e> ;«f (i! p o ThT -CiiTjp t ^<c V 

li7^yUA(DV' 

TtiTl'-Civv 
[00 2 6] 1 

tfi roj;9(::x ^i^—m<r>^X'^it-r^ 

5f-51 

7fsV^ hyy;u^ 

Tjfyj^^U^-, /K y 
yilfi^$4x.5o 

[00 2 7] L< n. a®, ^mmit 

r a§](c(4, mmmmi'i^ 

0. 0 1~1 0tng/cm2 co^HT'iV'o #44111; 
®Wffl3i(Cfe#-r-5o 
[00 2 8] $f ^ L < (4. 
tfo W<7>fit!®w#4i4, ry— KX{l;!7y— 

tVTV'-5„ ^t^—^li£^<D'pfj:< ti> loroffi (face) 

7"n h:/e^tt0^jKy-v-^7^/uAT*&5r t;S5-e 
#S„ mtt-. ii(4SW(7) 1 ocoffi{c)gfflt-S;)\ 31(4 
f^iJx.(4*y/y^ffiti®(SWffi<7)4 9 (-SMto 1 JiA±(Dffi(cji 
ffl-rsrttr*#5, sfc, mnM^(4, 0(!^7Ky-^- 
^Wm?t!n?(£ffl$tv-CV'5 4 9(ix 7“n 
4^y-^-flIC7)li3(±C7)^gI(surface) (Cjl;g^iiffli‘'5 i 
1 1> "C # -5 o 

[0 0 2 9] ig^iC(4. m.mmmcDmn:if:^AOt^:^ 
HiprorflT'i^y^L, ^V'(4. :^J?l;-«ffi®(4. ify.y^ 

— /UK7n — (gas field flow) <75SK('— iJc-r?>-'-«3'“ 

><nnmxh?>. m(4^i^l?i!l(7)*y-K3^(4T/- 
* t;65-e#S„ mmmr±yy 
y-(4, iff^L<(4, 1 1 

B^(c4 5t>cDr*fc5<, )S^{'(4. ®$T-fervy y -(4. 

[00 3 0] ^ fc, A^I3^(42):(50j®e^^tfl«S(D®it 

i) HciaML, 

ii) &-f4(7)l&L±(DmmiZ'<~yhi:^^L. ^1^—1 
diilrlFML. ZZX\ M^Slt. :kt<D:ffy.(DAalc 

iMJ^i)fzV'J^:^j:< tt 1 1 (DM^W 
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2c0M«Sr-^^. C<7)^2CDti^S(4#jiKfi)c^)’C9^2<7)a 

^#L. mimmhtzy)(D-<Dm2(x>m\^w.i(omt\t 
S7*4y, 

^ A P <t 4f ^ Hi P «0 W A'lfJO L- ^4 V 'o 

[00 3 1] $fiL<(4. — 

mxh y , )i^(^(4. y y -ymmmhc 

4oX)i^fiK$4i2.„ rroe^fj(7)fim(4, ^iS-«®SSr 
i;d5#(cffii^Xfcy . yf;^7^—/uK7t3 — 
3i(4(srf>d'CD(l!l<O^M(7))]^^)t(clifq-r2.S5rli®-rS7c 
10 tV'ofcr tXfcSo 

i£(>M(c±y, #e«i^r(D4^ff(cj:oT)i^^-r5r i 

[0 0 3 2] 

<75 7c » X fo o T PSl $ tx S t> (7) X (4 l '„ 

[0 0 3 3] 

[HtS^^Jl ffll§ r^tgj (4. Pfil^4x7c^#TX\ 
^tx7c 1 0(75X7KC43X'XiRFl(75lgK5Bax#6>tx5X 
7ul:)i<75aijaxfc-5„ io(75-fe/wWi(4Ty — K> *y 
— K. PEM;^iisi-fl:?tb.<75:®-g', — IS(-S 

20 t46XIKHlT-feyX'y- (ME A) ^7c. ^ 

l';55fc t) , -?:<75<p(C7fyxa—y^-^>' 
^/>2)5lo<7)^ffi(cAyiAA/Xm$^x. ^ix^r'txry 
— KtT7 y— K(ci^-f SA*i:^*<75Sli£:#:775^c75tiiA 
R^titt-f-^o iil(41®«^-^tf««?»^^tp«®<75 
E:4S^ 2>:X'XSJ£:fr5tf;^ 

(4, #?L»WH4SM^R5riioXtti^^tx, «)??«« 
Elcai'So ®ffiS5r-^tf#^<75«®(75a<75^{sr^fi^^ 
E^(4 2 3 2 c m2 Xfe y . 1 -o<75-tr^K4m!t)tXA#-X 
#2)PEMFCyy ■>y(Cffiffl$4l6a:$:Xfoo7:<. i 
30 (75-fe/K4 PEMFC;^^??/y ^ ix 5 

^ txfco mi¥imm9miimmm^<Dm cusiis 
i-?>:ii:^m<:tzmcmm.LfcRit^i^:iiy-^. 30ps 
i g<T)i£Xj<D7i<.Mt 3 0 p s i g<DS.Xl<D^^t l-X± 
7Kc«i^L7c„ ■fe7K75?aS(4 8 OXic^ii^Lfc, ±iUl>^ 
e>®(y m^ftxs#b4xs®«ft^ft(4. MWufctiTjp^cD 
^a<75®^4(t5rSffl-t-5r. t(-4oX^®L. #?>tx 
7c-ir/P®JE(4^^7i; t # (cSiJl Lfc„ A:^PJ <75*11(4, 
®!pTy- K^(i;tfc47y- Ki: LX, 37.(4^2py; y- 
K^(i;t7cTy- Kt LXcTJV'-ftx^i^XfPffiL, «fe<75etj 
10 (cfE^Lfc, 

[00 3 4] y •^-ji^w®?ife--(75ffii^^ 

WH-rS®11<75ifiJM(-a5.LXX'2.7)S, ^^#(c(4, 
^ee<75®iij)5fift.(o^-ry<oji^i|sf®?fe (fi), T/P47 

y, y ■<?=>, ^5>(c$fe(ci¥L<»^L 

fc77yffiSi:®11co(tii<75iaffl(c't,4^xfc5 9 :i i: 
icmrn^ti^xh^Oo 
[0 0 3 5] mi comm 

X<75^J(C45X'X, *®Jl(4{a^<75fc5n-^^- V 

60 y^54f^AP(;im-ts®(®(-fcy , at[gv'D-xy 
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tLTV'-So 

8 5 1 3 7 7 (International Fye 

1 ceiistt) (Dm^tKniowm^-^^i>o 
[0 0 3 6] m 1 

1 0(75*ffi(C, 

^ y ^ K y uv 

(PTFE) >-4r-^tpjl-g-i^Sr=— 

® (*y— K) OPT F EOfi) 

•g-(i6. 6Si%-efcofco e^On— r ^ 
o^iij(ct?7coT^(bU. ;(fyi0ft*SoAPOi/3(;itB 
ia-r-5iSia^3-x-f>'^^L. 

0mg/cm2 P t OS^ff^fiK Lfco ^i/y^SSSOtfi^O 
1/3 (cfti^-rs1;ffiOffi|iSr=i— ry yy'L. 

-i 'y ^1fi2 . Omg / cm2 p^ OiBSrJi^^ it 

y. »SS§ o Hi p o 1 / 3 lets a -r ?) ®ffio ffi® ^ 3 — r ^ 

y/Lsfi-^o — Omg / cm2 P to 

;y y- FO^f$:ogttffi«{c:*o7c-5fe¥ 20 

l$)6^t3 — X y >'/(i^O i 9 (C 2 . 33mg/cm2 
T'feofco 

J; S r t ;4S-C'^ , {^J;i(i7 y /P 

y-i5;§:. n-y>/, m 

4 0 OtT'S 0#^JPf(U-Cf^)^?r^TE 

fco 

[0 0 3 7] 

i 9t-LT, li5?aT'OjtiP)ISf^('J; 
oT. ry- Kt^2p*y- K ^/d 
-8fm»«o-tn^*ttoffi(cm^-g-i9-&;5r tfci !9, so 
(ME A) ^mj^Ltco mmr/- 

K(i±iet(^^(CLTfF)igL.7c:45^ 

/'coT4. Omg / cm2 pt ^ 6^ n — x y V 

y' -cfiHjjX L 5t „ / n h y X y ^7 / 5 * 

/Ptt (Freeport, Texas, USA) MOXUS-13204. lOHi^ffllK 
-efoofe, rojKttMEA^rf^fiK-t-Smff-iJfei^L/Sio 
[0 0 3 8] itfe7#i| 1 

1 OO^ffi 

±(c. X Fy7/p;^n3^5^^>- 

(PTFE) 3 — 40 

xy:yyL^ r t (cioXii^o:* y 

- K^rfl^FtLfc, 7; y- KO^ft:offi14ffia(-i:>7c5.^ 
¥±9e^n— yy >-ytl2. 3 3mg/cm2 Xfey. 
SSjfo'i'JOPTFEoftfie. 6fift%r'fcofco e 
^n-yy >'y(l«1i*ffi0tt*0®BlfXI^Ei: L7Co 
rom<Stiy y/py-te^, o — y v/, 
O^TWOft*o;^&Xf^fi)t^ffiX$)ofc, rix3:$S;iS 
L. 4 0 0'CT*3 0#P5)}Df)L, L7c„ ME 

A 1 Lfc i: LfCo 

[0 0 3 9] II 1 c:^-r± 9 y 60 



12 

— K^-^ti>MEAOttHgl±. ffl^O^y— KOl4teJ:y 

t>;6yj:yffitvrv'-5„ y- 

[si77y-K±oe 

aj)5ft t ffio7/y.Ji!iS5A p < 

So 

[004 0] m2(Pmm 

ro^r!Hc*5^'TI^. I4(i. ®®0^(c®iy#(7fc 

y/ytxn— /w— Mc:)i^^!!cL7c7/y y n— ^y’V^/'p|;i 
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